ABSTRACT
Introduction
Leucojum aestivum (summer snowflake) is a perennial, wild plant species which overwinters as bulbs. Its medical importance is due to the high concentration of galanthamine hydrobromide -an alkaloid with low toxicity and potential to be used in different ranges of application, mainly for treatment of nervous system disorders, including paresis, mental retardations, muscular dystrophies, neuritis, neuropathies, etc., but also as an antidote to morphine and its analogues in toxicology, in anesthesiology, and psychiatry. The substance has high efficacy based on its capability to pass the bloodbrain barrier and its reverse association with the acetylcholineesterase enzyme (2, 30) . It is used for the production of Nivalin, which makes L. aestivum a valuable natural resource.
L. aestivum was a comparatively wide-spread species in Bulgaria, distributed over boggy and seasonally flooded meadows, woodlands, at the periphery of swamps, up to 350 m above sea level (24, 30) . Although there is data that the species is tolerant to the soil conditions in the temperate climate varying from dense shade to sunlight, irrigation from wet to dry, and different types of soil -sand or clay, acid or alkaline (8, 24) , the condition of the natural populations is constantly deteriorating and the fields are narrowing (30) . Moreover, of all registered natural populations, only about 20 % are economically important. L. aestivum is now included in The Red Book of the Republic of Bulgaria as a EuroMediterranean species in danger of extinction and a regulated regime according to the Law for the Biological Diversity has been introduced for their conservation (30) . However, the galanthamine supply for medicine production depends entirely on the natural resources and on the plants growing under field conditions with artificial irrigation, as chemical synthesis is low-yielding and too expensive. Plant production is inefficient due to the need of soil rich in humus and mineral compounds; and repeated irrigation for the purpose of galanthamine extraction (30) and micropropagation is not yet widely used.
The reasons initially pointed out for L. aestivum field deterioration were large-scale drainage for conversion into agricultural areas, bulb pricking for Nivalin production, and contamination of rivers with industrial waste. The plant has been long known not to suffer diseases and only few pathogens of a fungal nature have been described in the past (17) . However, in 2006 we found diseased bulbs with bacterial causal agents (20, 21), which questioned the phytopathological status of the species. In the period 2009-2011 other diseased bulbs were observed. This paper presents the third of a series of investigations of L. aestivum with symptoms of bacterial rot in Bulgaria.
Materials and Methods

Plant material and bacterial strains
Bacterial strains were isolated from diseased bulbs of summer snowflake with symptoms of bacterial rot in 2010. The bulbs originated from two populations. The first one is a small
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population of plants originally collected from the region of Belene next to the Danube River in Bulgaria and recultivated in the region of Ihtiman, Sofia District. The diseased bulbs were noticed one year after the recultivation and showed typical symptoms of bacterial rot with change of the color and the turgor of the tissues (Fig. 1) . The second population is a natural population of summer snowflake in the region of Kochovo Village, Shumen District. The bulbs from this region showed discoloration and watery tissues of separate scales. Bacteria were isolated from affected bulbs (from the tissues under the epithelium of the internal scales) by the method described by Rudolph et al. (16) . Single strains were obtained as distinct colonies on King's medium B after plating of 100 μL of serial delusions and cultivation at 28 °C for 48 h. Strains were subjected to subsequent purification procedures and maintained on Nutrient Agar at 4 °C.
Pathogenicity
The pathogenic potential of the bacteria was examined by the hypersensitive reaction (HR) test (11, 12) and artificial inoculations of summer snowflake and onion (21) . The symptoms of the disease (visual change of color, consistency, odor and turgor of the tissues compared to controls) were observed periodically between the 1 st and 7 th day.
Identification and characteristics
Strains were examined following Schaad's scheme (18) for physiological and biochemical characterization. Oxidase activity was tested by the use of standard test strips (Bactident Oxidase, Merck). The ability of the strains to grow in anaerobic conditions was studied on the medium of Hugh and Leifson (18) . Biolog tM metabolic fingerprints were obtained. Microlog tM 4.20.05 (Biolog™) was used for identification. The taxonomic rank of the strains was confirmed by the use of PCR with specific primers. Bacterial strains were cultivated in Luria-Bertrani Broth at 28 °C, 200 rpm, overnight prior to DNA extraction. The cell density of the bacterial suspension was adapted to OD 600 = 1. One milliliter of each suspension and the universal DNeasy Blood & Tissue Purification Kit (Qiagen GmbH) were used. The procedure was held according to the manufacturer's instructions. Control of the yield and purity of the obtained DNA was performed by measuring the absorbance at 230 nm, 260 nm, 280 nm, and 320 nm on a Nanodrop 2000 spectrophotometer (Thermo Scientific). Two pairs of specific primers were used: CMG16-1 (5' AGA GTT TGA TCM TGG CTC AG 3') and G 16-2 (5' CGA AGG ATA TTA GCC CTC 3'), specific for Burkholderia gladioli (1); and Ps-for (5' GGT CTG AGA GGA TGA TCA GT 3') and Ps-rev (5' TTA GCT CCA CCT CGC GGC 3'), specific for genus Pseudomonas (27) . The first PCR was held for burkholderias in a 25 μL final volume, containing 2.5 μL of 10x buffer, 0.9 μL of MgCl 2 , 0.5 μL of each primer, 0.187 μL of dNTPs, 0.08 μL of Taq polymerase, and 1 μL of DNA, at 95 °C for 5 min; 25 cycles at 94 °C for 30 s, 57 °C for 30 s, and 72 °C for 45 s; and a final extension at 72 °C for 5 min. The second PCR was held for pseudomonads in a 25 μL final volume, containing 2.5 μL of 10x buffer, 0.9 μL of MgCl 2 , 0.5 μL of each primer, 0.187 μL of dNTPs, 0.08 μL of Taq polymerase, and 1 μL of DNA at 94 °C for 5 min; 25 cycles at 94 °C for 45 s, 65 °C for 45 s, and 72 °C for 45 s; and a final extension at 72 °C for 7 min. The products were separated in 1 % (w/v) agarose gel in 1х ТВЕ buffer at 100 V for 1 h and visualized under UV light. A 100 bp DNA marker (Fermentas) was used.
RAPD with primers CUGEA-1 (5' TCG CCA GCG A 3') and CUGEA-2 (5'GTT GCG ATC C 3') was used for pathovar differentiation of B. gladioli strains (22) . Amplification was held in a 25 μL final volume, containing 2.5 μL 10x buffer, 1.25 μL of MgCl 2 , 0.5 μL of each primer, 0.2 μL of dNTPs, 0.08 μL of Taq polymerase, and 1.5 μL of DNA at 95 °C for 5 min; 30 cycles at 95 °C for 1 min, 42 °C for 1 min, and 72 °C for 1 min 30 s; and a final extension at 72 °C for 5 min. The products were separated in 2 % (w/v) agarose gel in 1х ТВЕ buffer at 100 V for 1.5 h and visualized under UV light. A 100 bp DNA marker (Fermentas) was used.
Results and Discussion
Bacterial strains Two types of bacterial colonies were observed in the isolation plates after three-days of cultivation. The first type was related to the bulbs from the Ihtiman population and was characterized with circular, raised, entire margine, beige-yellowish colonies, with an opaque, slightly rough surface. A brown diffusive pigment colored the medium. The second type of bacterial colonies, related to the bulbs from Kochovo, was circular, raised, entire margined, opaque in color, and synthesizing a fluorescent pigment. Overall seventeen strains were isolated, ten of which forming the first colonial type and seven, the second one.
Pathogenicity
All bacterial strains induced HR in tobacco leaves between 18 h and 24 h and were pathogenic both to summer snowflake and to onion after artificial inoculation. The first symptoms of watery, soft yellow tissues were visible after 20 h on the onion scales inoculated with the strains from the second colonial type. On the third day, all scales of both hosts were watersoaked, soft, and slithery, with yellow-brown color. The onion scales had a smell of boiled onion with a sour tinge. The noninoculated controls retained their turgor and color.
Identification and characteristics
The ten strains forming the first colonial type were Gramnegative, weakly oxidase-positive aerobes. The strains possessed the characteristics of the genus Burkholderia according to Schaad . Differences were observed in the preference of the strains to 7 substrates: α-ketobutyric acid, L-alanylglycine, urocanic acid, inosine, glycerol, α-glycerol-phosphate, and glucose-6-phosphate.
After amplification with the species-specific primers, the strains showed the ~468 bp product typical for B. gladioli (Fig. 2) . The strains were confirmed to belong to genus Pseudomonas by PCR with genus-specific primers. The amplified DNA from the strains contained the typical product of 1000 bp (Fig. 3) . The RAPD method was used for differentiating the pathovar of B. gladioli (22) . Amplification with CUGEA1 gave a product of ~340 bp typical for B. gladioli pv. alliicola, whereas the type strain of B. gladioli pv. gladioli showed the expected amplification product of ~550 bp (Fig. 4) . A weaker additional product for B. gladioli pv. gladioli was observed in addition to the main one, with a size similar to the one previously obtained (22) (Fig. 4) . RAPD for all the strains with CUGEA2 also gave the expected product of ~630 bp distinct for B. gladioli (Fig. 5) . The weaker additional product for B. gladioli pv. gladioli of nearly 800 bp was also observed for the type strain and strain 30B like the additional product obtained previously (22) (Fig. 5) . The isolates from summer snowflake and, as expected, B. gladioli pv. alliicola (22) , lacked this product.
On the basis of the PCR analysis, it can be concluded that the ten strains isolated from summer snowflake belong to B. gladioli pv. alliicola.
Amplification with CUGEA2 was performed simultaneously for the strains in this study and the strains isolated from onion which were described in Stoyanova et al. (22) . The strains from the two hosts differed in their weak secondary products, forming two distinct profiles. The onion isolates amplified two weak products with sizes between 1500 bp and 2000 bp as observed previously (22) (Fig. 5) , and the summer snowflake isolates amplified one weak product of about 500 bp (Fig. 5) .
Pseudomonas marginalis and Burkholderia gladioli are widely distributed bacteria, important pathogens of bulbous plants. P. marginalis is a typical polyphagous phytopathogen and causes leaf spot, blights, and rot (3). B. gladioli is a plant pathogen and resident soil inhabitant (3, 6 (3, 4, 5, 7, 9, 13, 15, 19, 28) . B. gladioli has also been found as a pathogen of rice (23) . Symptoms include scab and rot of bulbs and corms, rot of stems and grains, and necrotic spots or blight of leaves (3, 23) . In Bulgaria B. gladioli pv. alliicola is known as a causal agent of 'mealy soft rot' of onion bulbs in field and storage (25, 26) . Recently, it was also found as a pathogen of gladiolus and B. gladioli pv. gladioli was isolated from diseased onion bulbs (22) .
B. gladioli and P. marginalis are considered opportunistic, since they are naturally found in the soil, water, and rhizosphere (6, 15, 28, 29) . It has been proposed that B. gladioli is probably more largely distributed as a resident organism than it was considered (3, 15) . As early as 1984, Ruseva (17) suggested that a possible reason for the continuous deterioration of Leucojum natural fields is the contamination of rivers with industrial waste. Based on the data in the literature, we speculate that contamination of rivers with bacteria may have been the reason for the spread of pathogens which normally infect other bulbous plants and can survive in soil and water. Moreover, chemical contamination of water and air may be a reason for the diminishing of the natural protective mechanisms of plants and raising their susceptibility to infections.
